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a) What is a meteotsunami?
b) The Proudman resonance

Tsunami

@ Tsunami : from Japanese "Big wave in a harbour".

@ Principal causes : earthquakes, volcanic eruptions, underwater
explosions.

@ Typical wavelength : 100 kilometers.

@ Amplitude offshore : 50 centimeters.
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1) Meteotsunamis or how a huge storm can create a tsunami
a) What is a meteotsunami?
b) The Proudman resonance
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1) Meteotsunamis or how a huge storm can create a tsunami
a) What is a meteotsunami?
b) The Proudman resonance

Meteotsunami

3 hPa
_f \ A\__Air pressure disturbance
£ -x\\\'
U~c=4/gh
Harbor resonance
— Proudmanresonance — Shoaling . 5m

3cm 50cm

12 cm

Inlet/harbor

Deep water

One example : Nagasaki(1979), "Abiki", pressure disturbance
traveled at 22-39 m/s. Amplitude on the coast : 5m.
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1) Meteotsunamis or how a huge storm can create a tsunami
a) What is a meteotsunami ?
b) The Proudman resonance

Mechanisms

@ Proudman resonance (1929) : linear resonance response in the
shallow water case of a water body on a traveling
high-frequency atmospheric disturbance.
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1) Meteotsunamis or how a huge storm can create a tsunami
a) What is a meteotsunami ?
b) The Proudman resonance

Mechanisms

@ Proudman resonance (1929) : linear resonance response in the
shallow water case of a water body on a traveling
high-frequency atmospheric disturbance.

@ We consider a disturbance which traveling at the speed U.

@ The typical speed of long ocean waves ¢ = /gH where H is
the typical depth.

@ There is a resonance if U is close to c.
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1) The Water waves equations, mathematical framework a) Mathematical formulation
b) Non dimensionalized equations

Assumptions and physical law

@ We consider a fluid occupying a domain Q; in Rt limited
from below by a fixed bottom and above by a free surface.
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1) The Water waves equations, mathematical framework a) Mathematical formulation
b) Non dimensionalized equations

Assumptions and physical law

@ We consider a fluid occupying a domain Q; in Rt limited
from below by a fixed bottom and above by a free surface.

The fluid is homogeneous inviscid, incompressible, irrotational
with no surface tension.

o Qy={(x,z), —H+b(x,t) <z<{(t,x)}.

The fluid particles do not cross the bottom or the surface.
@ At the surface, we have a pressure Py = Py(x, t).

@ The water depth is bounded from below by hpi, > 0.
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

@ We denote by U the velocity of the fluid particle and & its
potential. we have :

As®=0, —H+b<z<C,
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1) The Water waves equations, mathematical framework a) Mathematical formulation
b) Non dimensionalized equations

The Zakharov/Craig-Sulem formulation

@ We consider the following standard problem :
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1) The Water waves equations, mathematical framework a) Mathematical formulation
b) Non dimensionalized equations

The Zakharov/Craig-Sulem formulation

@ We consider the following standard problem :

D, =0, —H+b<z<(
¢|Z:< = 1/), and)‘Z:_Her == 0

@ We introduce the Dirichlet-Neumann operator :

GIC, bl(1)) = \/1 + [VC 20nP .

o If ¢ =0and b=0, G[C, b](¥))(€) = [¢] tanh(H£[)¥ ().
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

We can reformulate the whole problem with the two unknown

variables ({,v) :

OrC = GI¢, bI(¥) = 0
Oup +  + 3|V — (CLGUICELTAL — R

2(1+[Vi¢[?) P

BwE
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L
H
b:]
We define scale parameters
@ The non linearity parameter : ¢ = 5
@ The shallowness parameter : u = H—2
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We define scale parameters :
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1) The Water waves equations, mathematical framework a) Mathematical formulation
b) Non dimensionalized equations

Relevant parameters

We define scale parameters :

@ The non linearity parameter : ¢ =

®
~NE o

The shallowness parameter : pu =

[
o

The bathymetric parameter : 3 = 2.
The typical speed : ¢ = /gH (in the shallow-water case).
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

We can renormalize the variables :
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In the case of the Proudman resonance :
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

We can renormalize the variables :

In the case of the Proudman resonance :

@ [ ~30-100km, H ~ 50-500m and a ~ 3-20cm.

0 c~1073 1 ~1075-107°, ¢ ~ 22-70m/s.
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

We introduce the modified gradient V¥, = (\/1iVy, 8;).
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1) The Water waves equations, mathematical framework a) Mathematical formulation

b) Non dimensionalized equations

We introduce the modified gradient V¥, = (\/1iVy, 8;).
We have the following new system :

Vi, Vi, ®=0 —1+p8b<z<e(,
¢'|z:aC =1, 8nq)|z:_1_|_ﬁb =0.

The nondimensionalized Dirichlet-Neumann operator :

GleC, Bb](¥) = /1 + 2| Vx([Pn - VFP .,

and the nondimensionalized Zakharov formulation :

9:¢ — £ Gle¢, Bb(¢) = 0
Oep 4+ ¢+ 5IVp|? — (- -+ ) = —Po.
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a) Existence and uniqueness
111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Rayleigh-taylor criterion

We can compute the pressure P in ;. We denote by
a(¢, ) == — (aZP)|z:aC' called the Rayleigh-Taylor coefficient.
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Rayleigh-taylor criterion

We can compute the pressure P in ;. We denote by
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a) Existence and uniqueness
111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Rayleigh-taylor criterion

We can compute the pressure P in ;. We denote by
a(¢, ) == — (aZP)|z:aC' called the Rayleigh-Taylor coefficient.
If we linearize the water waves equations around ((p, %), we have

¢ eVo -V LGuleco, BBI() (¢ _( 0
Ot (1/})—1-((1((0,1&0) B MEMO ye > (1/})—1— lower term = (—P)

. 1,~7T_ -~

If we denote by A := (IEVO S f‘[sco’ﬁb]) we need that
a(Co,%0)  ieVo- ¢

Sp(A) C iR (hyperbolicity).

Therefore, we need that a((p, 1) > 0.
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a) Existence and uniqueness
111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Existence and uniqueness of the Water waves equation

For s > 0, we define H5(R?) := {u € L2 _(RY), Vu € H*1(RY)}.

loc
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a) Existence and uniqueness
111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Existence and uniqueness of the Water waves equation

For s > 0, we define H5(R?) := {u € L2 _(RY), Vu € H*1(RY)}.

loc

Theorem

Let N large enough. _
Let P € CO(RT, HN(RY)), (v0, o) € HV(RY) x HV(RY), such that

1+ ECO + 6b0 > hmin and Q(wOaCO) > ap.

There exists T >0, (,¢) € C°([0, stz | » HV(RY) x HN(RY))
unique solution of the water waves equation with the initial data

(o, Co)-

14/1: |



a) Existence and uniqueness
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An asymptotic model

We suppose that ¢, 3, 4 are small. We have

~= 32
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a) Existence and uniqueness
111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

An asymptotic model

We suppose that ¢, 3, 4 are small. We have

~= 32
—_—~

04 — . GleC. Abl(¥) = 0
Oep+C+ SV —e() =P

~ eC([¢]yn 1Bl ) Il gy

For N large enough, there exists T > 0 and a solution of the water
waves equation (¢,() € CO([O, W] , HNTLH(RY) x HN(RY)),

81’C + 8)2<’¢ = maX(E7 /87 M)R7
3t1/1 + C = _'DO + max(e,ﬁ,,u)s.
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Proudman resonance

We consider the following equation

8t€ + 8)2<¢ = 07

Oy + ¢ = —Po,
C|t:0 = 07
¢|t=0 = 07

with Py = P(x — Ut) and U > 0.
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a) Ex

e and uniqueness

E
111) Existence and uniqueness of the Water waves equation, an asym  a) An ptotic model

Using Duhamel formula we can compute (.
If U#1,

1
¢(t,x) = > m(

A+ 0) (P(x+t)— P(x — Ut))+

P(x —t) — P(x — Ut))
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a) Existence and uniqueness

111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Using Duhamel formula we can compute (.

If U #1,
¢(t,x) = 2(1_1|_ 0) (P(x+t)— P(x — Ut))+2(11—U) (P(x —t) — P(x — Ut))
If U=1,
1 /
¢(t,x) = 20+ 0) (P(x+1t)— P(x—Ut)) — =P (x —t).
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a) Existence and uniqueness

111) Existence and uniqueness of the Water waves equation, an asyn  a) An asymptotic model

Using Duhamel formula we can compute (.

If U #1,
¢(t,x) = 2(1_1|_ 0) (P(x+t)— P(x — U1.‘))—|—2(1 1_ 0) (P(x —t) — P(x — Ut))
If U =1,
1 ,
QL@:2u+U“P&+ﬂ—P&—Um—;P@—ﬂ.

We have the Proudman resonance.
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@ Include the Coriolis force : here Ro ~ 1073,
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Conclusion

Prospects

@ Include the Coriolis force : here Ro ~ 1073,

@ Understand the Helmholtz resonance in the bay and the
shoaling.

@ And the landslide-generated tsunamis?
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